Process-based land-surface modelling at
ECMWF: interactive versus modular scheme
development?

Gianpaolo Balsamo
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ABSTRACT:

Recent land surface developments at ECMWF have led to an improved representation of some of the
physical processes occurring at the land-atmosphere interface, verified against a variety of independent
observational sources. In particular, a MODIS-based leaf-area-index climatology, which describes the
seasonal evolution of vegetation, has replaced a fixed-in-time vegetation, and a revised bare-soil
evaporation has introduced a larger extraction of superficial water in non-vegetated area. These two
schemes revisions are shown to improve near-surface temperatures and soil moisture simulations.

In an attempt of moving towards interactive ecosystems, a photosynthesis-based module has also been
introduced in order to simulate natural CO2 emissions over land. However, the land-carbon
parameterization does not interact yet with the evapotranspiration formulation, and similarly, the vegetation
seasonality representation does not interact with the momentum budget. These "ad-hoc' separations of
processes have a practical advantage of modularizing the model development (particularly useful in
community models) but may present some caveats of realism when representing naturally inter-dependent
processes occurring in the Earth system. Examples from recent simulations will be used to illustrate this
paradigm and the problems associated to full-coupling between processes.
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Developments in Weather & Climate models

The Earth surface model developments in NWP and Climate science differ in a number of aspects:

Main Drivers: Meteorological Users driven vs
Climate-Change-Science driven

Constraints: NWP systems have to be limited in complexity for timely daily production vs
Climate systems have to Include most of the relevant processes
(bio-physical but also bio-geo-chemical processes and complex feedbacks)

Accuracy requirements: diurnal-to-synoptic timescale everywhere and with DA support vs

global annual trends in recent history
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Land Surface Model evolution

2000/06 2007/11 2009/03 2009/09 2010/11
® TESSEL ® Hydrology-TESSEL ® NEW SNOW ® NEW LAI
Van den Hurk et al. (2000) Balsamo et al. (2009) Dutra et al. (2010) Boussetta et al. (2011)

Viterbo and Beljaars (1995),
Viterbo et al (1999)

Up to 8 tiles (binary Land-Sea mask)
GLCC veg. (BATS-like)

ERA-40 and ERA-I scheme

Land surface tiles in ERA40 surface scheme

van den Hurk and
Viterbo (2003)

Global Soil Texture (FAO)
New hydraulic properties

Variable Infiltration capacity &
surface runoff revision

Revised snow density New satellite-based

Liguid water reservoir Leaf-Area-Index

Revision of Albedo
and sub-grid snow
cover

® SOIL Evaporation
Balsamo et al (2011) based on

Mahfouf Noilhan (1991)

Maisture extraction
function, f(8)
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Land Data Assimilation system evolution

1999/07 2004/03 2010
® Ol screen level analysis ® Revised snow analysis ® NEW EKF Soil Moisture analysis
Douville et et al. (2000) Drusch et al. (2004) Drusch et al. (2009) De Rosnay et al.
(2011)
Mahfouf et al. (2000) Cressman snow depth analysis using
SYNOP data Extended Kalman Filter developed for soll

Soil moisture analysis based on _ moisture analysis

Temperature and relative Improved by using NOAA / NSEDIS

humidity analysis Snow cover extend data

® NEW Ol Snow analysis

METOP-ASCAT SMOS

Integrating Leaf Area IndeX (in progress)

y climate o :
LAI A \/ ® LAl univariate analysis
Exploratory study in Jarlan et al. (2009
nalysed P i (2009)
traj ectory Developed within GEOLAND2 following

Gu et al. (2006)
bs t
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Soil moisture

Soil hydrology
(Balsamo et al. 2009, JHM)

a Savannah vegetation and sandy soil

b Boreal forest
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New snow scheme
(Dutra et al. 2010, JHM)
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Assessing impact on hydrological cycle
In Collaboration with M. Hirschi (ETH-Zurich)

ECMWEF Newsletter No. 127 - Spring 2011
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{? Parametrization Runoff RMSE Observed area-weighted average
scheme (mm/day) runoff from GRDC (mm/day)
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. ) o Area-weighted average of snow-free basins (~1,632,601 km®):
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7(1), 39-60 < o 0.76
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_ s;{éﬁgf | Area-weighted average of snow basins (~12,334,161 km’):
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AR X : HTESSEL 0.75
e R 1.96
; e AN : V::'Vﬂ ’:ZX&;LP HTESSEL+SNOW 0.51
- =0, an Changitang
- ' : /{ Z{@ ) Table 1 Runoff root-mean-square error (RMSE) for GSWP2 from
AN “C ) ! P global offline simulations (1986—1995) verified with GRDC observations
ey AN foﬁ £ on snow-free basins for TESSEL, HTESSEL, and snow-dominated
\?\% ki:?[ basins for HTESSEL, HTESSEL+SNOW.
A

Using an equal forcing (this time based on ERA40GPCP corrected forcing) TESSEL and the new land surface model version
currently operational can be evaluated against river discharges of main Northern Hemisphere river at monthly timescales (no
routing). New activities with river-routing schemes can assess hydrological impact on daily timescale (Pappenberger et al.)
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Snow verification US (Winter 2010- 201 1)
Operatlonal-sulte ERA-Int

er SNOW Depth (cm of snow) vs. SYNOP observations 20101223 at 6UTC ERA-1 SNOW Depth (cm of snow) vs. SYNOP observations 20101223 at 6UTC
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Operational snow analysis (de Rosnay et al., 2011) has been greatly improved and there is consistency to the OSM-EI output.
El is also improved w.r.t. 2009 for geolocatlon of NESDIS snow data. Cressman is shown to be linked to Pacman snow feature




Forecasts sensitivity and impact

Forecast sensitivity
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The revised soil/snow scheme introduce additive improvements respectively in
summer/winter seasons forecasts of 2m temperatures



New vegetation seasonality
(Boussetta et al. 2011, IJRS)
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Previous LAI (van den Hurk et al. 2000, ECMWF TM295)

MODIS LAI (c5) Myneni et al., 2002, Jarlan et al. 2009

Total LAI [m2 m-2] -July MODIS Total LAI [m2 m-2] -January MODIS
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Impact of the usage of the MODIS based monthly LAI
climatology on the 2m Temperature

Sensitivity
(warming)

Sensitivit(T)=T,,,, - T

ctl

Impact
(error reduction)

C

:1: ?5 ImpaCt(T) - ‘T tl _Tan‘_‘TMLAI _Tan‘

Results from forecast experiments using MODIS LAI relative to the fixed LAI case for MAM
at FC+36 (valid 12UTC), 2m temperature [K]
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Climate simulations: the impact of land

Hindcasts, 4-member 13-month temperature difference
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New bare soil evaporation

Albergel et al. 2012, in preparation

ut_2129 0.791504

0.6

0.0

J FMAMUJUJASOCNDUIFMAMUII ASONDED

ut_2130 0.150000

0.6

0.0

J FMAMUJUJASOCNDUJIFMAMUIJI ASOND

The introduction of bare ground
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effective in reducing the soil moisture
below the wilting point in non-vegetated
area (upper panel of figure above, at 0N
79% bare ground, SCAN site in Utah).
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Balsamo et al. (2011)
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Land carbon/photosynthesis-based parameterisat,
(CTESSEL)

(Boussetta et al. 2012, in preparation)

@‘A

The stomatal aperture controls the ratio:
Transpiration Photosynthesis/Transpiration
Photosynthesis . . I,
y ! according to the environment conditions
. | Light, temperature air humidity
Respiration | £ : -
P soil moisture atmospheric [CQ,]

ISBA-A-g./ C-TESSEL LE, H, Rn, W, Ts...

oI —

Met. forcing

o ~
A =2 (c,-C)
cc W _
E = L (qa T qsat)1 rc = f (rcc) Glucides
rc -+ ra

CTESSEL combines HTESSEL (Balsamo et al. 2009) with the A-gs model used within the ISBA-Ags (Calvet et
al.1998) and developed by Jacobs et al. (1996);

=» Account for the effect of CO2 concentration and the interactions between all environment factors on the
stomatal aperture.

= Replaces the Jarvis-type stomata conductance by a photosynthesis dependant-type stomata conductance
(Jacobs et al.1996)

=>» The model can account for the vegetation response to the radiation at the surface, temperature, soil moisture,
temp stress

=>Vegetation Assimilation of CO2 can be used to drive a vegetation growth module to simulate LAI

=>» The Ecosystem Respiration is parameterized as a function of soil temperature, and soil moisture and biome
type via a reference respiration parameter



Soil Respiration improvement for winter
season (1)

_ (0.1(Tsp —25))
R, =R D f

soil = "0 X10

‘ Rsoil — OTSOiI =) 1:sm

Preliminary test in atmospheric
coupled MACC model including
CO2 contributed to identify a
relevant process to be represented
in order to adjust the contribution
from the surface

Including a snow attenuation effect on the soil
CO2 emission
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Surface NEE flux [ micro moles /m2 /s |
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Soil Respiration improvement for winter
season (2)

CETESSEL fi-hyy 2006 RMSE= 1.040 BIAS= -0.512 CORR=0.945 N= 36 CCTESSEL_dev Muxnetfi-hyy 2006 RMSE= 0.620 BIAS= -0.221 CORR=0.934 N= 3
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Example of NEE (micro moles /m?/s) predicted over the site Fi-Hyy taking the cold process into
account (right) and previous simulation (left) by CTESSEL (black line) and observed (red dots)
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Optimization of CTESSEL parameters
by vegetation types
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Example of RO optimization for the Evergreen Needleleaf
Forest

Example of NEE (micro moles /m?/s) predicted over the site Fi-Hyy
by CTESSEL (black line) and CASA-GFED3 (green-line)

Reco
Scheme |GPP rmse |GPP bias |GPP corr |NEE rmse |NEE bias |NEE corr [rmse Reco bias |Reco corr
CTESSEL 7.936 -6.224 0.743 3.736 -1.656 0.536 5.422 4.625 0.724
CASA - - - 1.872 0.739 0.297|- - -
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Improved Skill in simulating Net Ecosystem
Exchange (1)
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Example of NEE (micro moles /m?/s) predicted over the site Fr-LBr(left) and Fi-Hyy (right) by CTESSEL (black line) and CASA-
GFED?3 (green-line)
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CASA-GFED3 (green-line)

NEE for Amazon
site (Manaus)

bl —wsuo e

ST T T T T T T

°
o
°
°
o
o
°
°
°
fa
s
°
°
o
fo
°
°
o
nnn

) B N R T Y R A A A

Surface NEE flux [ micro moles /m2/s ]

SREDR=Deikadni

90 180 270
Time (Julian day)

"

' i | S ECMWF
RMetS National meeting 18 Jan 2012. S. Boussetta Slide 22 —4
= -y




Improved Skill in simulating Net Ecosystem
Exchange (2)

Flux-tower . 1.00
Country Si:ex w Vegetation Type 090 |
- . 0.80 -
Finland fi-hyy Evergreen Needleleaf Forest o0 L= B
France fr-lbr Evergreen Needleleaf Forest 060 1 i =
Italy it-mbo Grassland 0.50 - — B
_ — ECASA
USA us-bar Deciduous Broadleaf Forest 0.40
- 0.30 B CTESSEL
Canada ca-mer Deciduous Broadleaf Forest 020 | |
Netherland nl-loo Evergreen Needleleaf Forest 0.10 - -
USA us-arm CrOpS 0.00 A T T T T T T T T
N N SV O S I SR SR 2 &
USA us-ton Woody Savannas & & & &,@ & \)gfs\ & < &
Italy it-ro2 Deciduous Broadleaf Forest v
List of sites used for the verification of NEE fluxes of the updated CTESSEL Correlation of modelled and observed NEE for CASA-GFED3 and for
scheme (model assigned physiography) CTESSEL over 9 sites with different dominant biomes

=> After the redefinition of vegetation dependent parameters in CTESSEL and the Inclusion of
snow and cold temperature attenuation effects on land carbon emission, => CTESSEL is
outperforming CASA-GFED3 on most of the nothern-hemisphere and tropical stations with the 1-
D offline simulation.
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Comparing with State-of-the-art
global natural carbon dioxide

CTESSEL

CASA

CCTESSEL monthly mean NEE July 2004 [micromoles m-2 s-1]

NASA-GSFC, 20/1/2012 - G. Balsamo

ssimilar patterns over the
northern hemisphere

»CTESSEL has more spatial
variability than CASA due to
its link with meteorological
forcing




Independent Validation of CTESSEL
Courtesy from M. Balzarolo, (UNITUS, Italy)
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=>» With the 1-D offline simulation forced by ERA-Interim CTESSEL is outperforming
ORCHIDEE and ISBA-Ags on most of the European stations for different biomes.
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Land Carbon improved feedback to the atmospheric CO2:
Hovmoeller of CO2 seasonal cycle - collaboration with MACC (A. Agusti-Panareda)
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LE/H: CTESSEL vs HTESSEL (operational)

HTESSEL fluxnet.fr-lbr 2004 RMSE= 25380 BIAS= -4.521 CORR=0.929 N= 36 CCTESSEL_dey fluxnet.fr-lbr 2004 RMSE= 16,884 BIAS= 1.449 CORR=0.956 N= 3t
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Surface sensible heat flux (W/m?) compared with flux-tower observations over Fr-LBr for HTESSEL (left panel) and CTESSEL (right
panel)

) CCTESSEL_dev fluxnet. fr-Ibr 2004 RMSE= 11.621 BIAS= -3.715 CORR=0.914 N= 3
HTESSEL fluxnet fi-lbr 2004 RMSE= 20,354 BIAS= 2.743 CORR=0.706 N= 36 200
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‘ | ' | T T T |
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Surtface laten heat flux (W/m?) colitb8¥se%ith flux-tower observations over Fr-LBr for HTESSEL (left panel) and CTESSEL (right panel).

CTESSEL improves the LE/H simulations (Jacobs vs Jarvis approach) therefore it has potential to improve weather forecasts...but




LE/H: Interaction with the atmosphere

2m T Error differences from the CTL

T925 mean_abs[CY37R1_CTESSEL(ficd)+36-AN(ficd)]-mean_abs[CY37R1(fhrd)+36-AN(fhrd)]

2m Rh Error differences from the CTL

RH mean_abs[CY37R1_CTESSEL(ficd)+36-AN(ficd)]-mean_abs[CY37R1(fhrd)+36-AN(fhrd)]
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Having better LE/H heat flux from the surface (offline) does not always lead to a
better atmospheric prediction = interaction with other processes and compensating

errors?

A pragmatic solution is to keep separate the conductances calculation (CTESSEL has

therefore neutral impact onto the LE/H)
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Global Natural land CO2 budget

Global Land Natural CO2 yearly flux
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Current shortcomings: LAI variability?

CASA fluxnet.us-var 2005 RMSE= 2.087 BIAS= -0.731 CORR=0.553 N= 37 CASA fluxnet.us-var 2004 RMSE= 0.954 BIAS= 0.028 CORR=0.795 N= 38
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CASA fluxnet.us-var 2006 RMSE= 0.822 BIAS= 0.028 CORR=0.685 N= 38

IEZ — I36R4_NEF£ I | I I I I__:

Comparison of 3 different years show the _HE |- SN E
current shortcoming of the use of LAI 3 aF 3
climatology => presence of large 3 SE E
interannual variability? Harvest period not E 3;; E
matched? RIS =
£3E E

NEE (micro moles /m?/s) predicted over 2 %E 3
the site US-Var by CTESSEL (black line) 2 3F 3
and CASA (green-line) v HE 3
E 3 . \ . \ L l L %

0 90 180 270 360

Time (Julian day)

NASA-GSFC, 20/1/2012 - G. Balsamo




Impact of climate anomalies on CO2 flux:

The summer 2003

® Summer 2003 heat-wave/drought hitting western Europe. The effect
on NEE was to turn land into a CO2 source due to vegetation stress
conditions, consistently with findings of P. Ciais et al. (2005, Nature)

Observed
anomaly

CTESSEL _

model
anomaly

NASA-GSFC,

precipitation

20/1/2012 - G. Balsamo

{ July 2004 shown

for comparison
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LAI and CO2 flux inter-annual variability:
The summer 2010 Russian case

CTESSEL Leaf Area Index anomaly from 1979-2010 mean [m2/m2] for 201007

CTESSEL 1979-2010 monthly mean Leaf Area Index [m2/m2] for 07
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Preliminary results of CTESSEL with prognostic LAI detect anomalous years (here illustrating
impact of the Russian heat-wave in July 2010) and have potential for vegetation growth monitoring

CTESSEL Net Ecosystem Exchange anomaly from 1879-2010 mean [micomoles/m2/s] for 201007

NASA-GSFC, 20/1/2012 - G. Balsamo

CTESSEL 1979-2010 monthly mean NEE [micromoles/m2/s] for 07
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Outline

® Introduction: model development in NWP & Climate
® Land surface evolution and current status

® Natural biosphere CO2 uptake in NWP framework
® Ongoing land research

® Conclusions
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Land surface ongoing&future developments

customery

>

2012 2013-2015 2015-2020
® FlLake ® H,O/E /CO, ® Towards Interactive

Mironov et al (2010), Carbon-driven vegetation Ecosystem modelling

Dutra et al. (2010),

Balsamo et al. (2010) scheme at the surface to respond to several

Balsamo et al. (2011)

. (FP7 & GMES funded) applications needs

Extra tile (9) to account

for sub-grid lakes Boussetta et al. (2012 in . (prototype) N
Lake Climatology used in prep.) i
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NASA-GSFC, 20/1/2012 - G. Balsamo




Lake modelling

Dutra et al. (2009), Balsamo et al (2009), Boreal Env. Res., and TM608/609

Lake Cover

NASA-GSFC, 20/1/2012 - G. Balsamo
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% lake cover

All
Land

Evap WL-NL mm/year

FLAKE Lake model was
tested in IFS CY35R3.

Evaporation rates were
increased in temperate
climate

L-band peak even
stronger on lakes than
SM!

Crucial importance of lake

depth
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FLake model compared to Lake observations

Andrea Manrique-Sunen, Annika Nordbo (U. Helsinki), Ivan Mammarella (U. Helsinki)

. Measured water temperature and thermocline depth ; Modeled water temperature and mixing layer depth
-0.5F . -0.5f PNH
® Over a lake specialized
0 0 site observations can be
Nl Y compared with FLake
05 osf RS S T (Mironov et al. 2010)

. 4 model output as provided
ot o - by the LAKEHTESSEL
£ 3 model version (foreseen
g1 219 for 2012).
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FLake model in the IFS: global verification
Balsamo et al (2011) ECMWF TM 648

SST Lake 2001-2008
40 7

i p ® FLAKE Lake surface temperature is
Model mean =15.3819°C .7 verified against the MODIS LST
Modis mean = 15.0262 °C % product (from GSFC/NASA)
® Good correlation
R=0.98

® Reduced bhias
BIAS (Mod-Obs) < 0.3 K

Model (°C)

10 1 | | 1
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FLake model in the IFS: Forecast impact
Balsamo et al (2012) TELLUS-A lake special issue 2012 (accepted)

» @ Offline surface runs are used to prepare ICs for
a new lake modelling component and permit

the forecast assessment. ® Flake
Those fields are adopted Mironov et al (2010)
by S4 as new lake clim. el et L (2010)

Balsamo et al. (2011)

Extra tile (9) to account
for sub-grid lakes

wwwww

R st t& ” : :
" Cooling 2m temperature "~ Improves 2m temperature
Warming 2m temperature Degrades 2m temperature

ERA-Interim forced runs of the FLAKE model are used to generate a lake model climatology which serves as IC in forecasts
experiments (Here it is shown spring sensitivity and error impact on temperature when activating the lake model).

ECMW
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Conclusions and perspectives

The current status of the operational land surface model and land data assimilation is
summarized in the ECMWF Newsletter n. 127 [link].

The land surface model development at ECMWEF is moving towards Ecosystem
modelling including Carbon Dioxide natural cycle as linked to Water and Energy.

Several applications can benefit from the current land surface scheme (e.g.
MACC/GAS, crop modelling, river modelling) and land surface benefits from a larger
community of scientific users.

Adding new modelling component extend the possibility of verification, monitoring
and modelling, on the other hand the complexity of full-coupling needs care.

Operational constraint and experience suggest that full-coupling between vegetation
and atmosphere dynamics (via roughness) is subject to high sensitivity not fully
understood.

Similarly the photosynthesis-based algorithm is found to interact with low-level
clouds and vertical diffusion and therefore carbon processes and evaporation
processes have been made modular (Jarvis and Jacobs approaches co-existing)

New developments in the land surface will focus on water bodies to improve the
representation of natural microwave emission (C-band, L-band) for data assimilation


http://www.ecmwf.int/staff/gianpaolo_balsamo/HDR2011/Balsamo_etal_2011_LSM_ECMWF_NL.pdf

Thank you for your attention
I’ll be happy to respond to questions

CMVIE Nawslattar No. 127 — Spring 2011
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Evolution of land-surface processes in the IFS

GIANPADLO BALSAVO, SOUHAL BOUSSETTA,
DUTRA, ANTON BELJA
PEDRG wrsnan, BAAT VAN DEN HURK

MAJOR UPGRADES have been implemented orer the last
fewyearsin the sol yralody, snow andvegatatian compo-
ents of tha ECMWFland-sUace parametrization.Compared
o theacheme uzed in CAInterim andl ERA~40 rzanalyses,
the curent model has an improved match to sail moisture
and snow feldksite observations with 3 beneficial impact
i the farecasts of surface energy and water fuxes and
near-surface tempersture and huridity. This i verified by
conventional synoptic obserations and by dedicatad flux-
tawersites forforecasts angingfram daly to sasonal. The
A Ir Nyarological consistency 1s a1t cructal mportance
for data assimilation of land-surface satelite otservations
in water sensitive channels, The scheme descrbed here,
currertly used for daily medium-range forecasts, wil be
adopted by the new Seaional Forecasting System and
el i furs s
description of themain hydrolosical compon:
Stk i e
will now be presented followad by an outlook for future
research activities

Development of the land-surface model
I recent years tha lang-surface modeling at ECMWF s
Feen einciuely revited. An imprued il Areiogy
(Baisomo et al, 2009), 2 new snow schemne (Gt ot a.,

isin agreement with experinental findings (g Mafor
& Noihon, 1991) and resuitsin 3 more realistic sollmoisture
for drylands.

The particpation inintemitional projects such & GLACE2
(@loba Land-Atmosphere Coupling Experiment-2) and
AMMA (African Monsacn Wulidisciplinary Analysis), in
which the ECNMWF model was coupled with @ rasitic set
of soil meistura fislds, have improved the understanding
of the mechanizms and areas of sirang <oupling betwesn
the land surface and the atmospher.

The land-surface companents
TESSEL as documented by van den Hurk et al. (2000) and
Viterbo & Beljaars (1995) is the backbone of the currant
Oparational land.surface scheme st ECMVAF, Itind udes up
10 5 anC-SUTace 11 (baregraund, ow and g vegata-
tion, Interezpted water, and thaded and expossd snow)
which can co-exist under the same atmospheric grid-bax,
Recant rvisions of the soil nd snow hydrology 15 wel s
vegetalion characterstes ara lstrated n Figure 1

Soil hydrology
Arevised soll bydrology in TESSEL was investigated by van
dan Huk & Viterbo (2003)for the Balic basin, These model
davelopments were 3 respanse to known weakiesses of
the TESSEL hydrology: specifically the chaice o 2 single.
glokbal soil texture, which does not characteriza different
soil meisture regimes, anc an infiltration-excess runoff
<ehemexuhich preriicas hardly any < rfaca rinct Thersfors,
s ermudaton cf the ol ynisgclcrauity

2010)andt a mult-year sateite getation dlimatol-
ogy (Gouseug e . 2011) havs baan included It the
operationalltegrated Fore-asting Systerm (IFS). hese have

et 2 positive impact on both the global N/ﬂro\u;\(al water

yesndnesautace ampistures compasd toth TESSEL
(Tiled CCMWT Scheme for Surface Cochangss over Land)
Chane which whi vind i the ECHNES ERmci and
ERArterim reanalyses.

I particular the soil hydrology affacted the qualty of
seasonal predictions during treme events associated wih
soil roisture-precipitatior feedback a5 n the European
summer heatwava in 2003 (Weisheimer et af, 2011). The
iew snows o2 nange

to a clobal sol

{entute g an rsce et (bsed o he v

inftra

in Novaber 2007

T o st slobs trospheric coupled
exparinents and in data szsimia

Snow hydrology
Afull euised snow seheme has been introduced in 2000
to impiove the existing scheme based on Dowile et al
(1995). The snow density farmulation wias changed and
a liquic water storage in the snow-pack was intoducad,
Whien afso allows £ha intarcaption of nfall. Un Nerada-

at the surface with 3 sUbstintial reduction of near-surface
temperature &rors in snow-dominated areas (L&, northarn
terrtories of Eurasia and Canada).
Mere recently, the introcuction of amonthly dimatology
for vegelatin Leo e s (LA) o raplcs the o
i rurn LAl hasshow

[
ground evaporation has ben enhanced over Jeserts by
addoptng a lowrer stress threshold than for vegetation. This

tiva sicke, the snow albeda and the snew cove’ fraction
have been revised and the forest albado in presence of
snow his been retuned basad on MODIS sateliteastimates.
Adataied description of the new snaw schena and 2
verfcalon fram feld st peiments to lekl affine

s is presented in Dura et al. (2010). The results
et e b e e o pack
with pesitive effects on the iming of runcff and ‘erastria
water storage variation and a batter match of the albedo
to satelite products

TESSEL UJune 2000
i den Hurk etal. 2000)

Viterbo & Bejoars (1995), Viterbo et ol (1999)
- Upto 8 tiles (Binary Land-Sea mask]

- GICC vegetation (BATS-lke)

« ERA40 and ERA-Interim scheme

Land surface tles in ERA-40/ERA-Intefim surface scher

high interception  ground &low
vegetation resenvoir  vegetation

; . :
e b

Hydrology TESSEL (November 2007)
Balsamoetal (2009

van den Hurk & Viterbo (2003)

- Giobal Soil Texture (FAO)

- New hydrauiic propert

" Vaabaicitration capacity an sface un-off eviion

P [

Fine testure

New snow (March and September 2009)
Dutraetal 2010)

- Revisad snow density

- Liquid water reservoir

+ Revision of abedo and sub-grid snow cover

New Leaf Area Index (November 2010)
Boussettaetal QO11)
- New satlite-based Leaf Area Index

4
S

Soll Evaporation (November 2010)
Sased on Mabfout il (1991)
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Extended Kalman Filter soil-moisture analysis

in the IFS

PATRICIA DE ROSHAY, MATTHIAS DRUSCH,

CLEMENT ALBERGEL, LARS ISAKSEN

A NEW sl mlstra i hama sed n apartuisa
3

Sources of data

Tha ECMWF operational sail maisture analysis sytem is

based on analysed screanevel varibles (2-matre 1empera

ture and v bumidy) nthe abanca of 2 neraa
ime globalnetwarkfor prowiding il moisture inform;

us\ng scrcen-evel data i the sl source cf orrton

Extandas
with cyce 36r4 of the Inteqrated Faracasting Systsm (ws)
in Nawenbar 2010, The ECF 3ol moisture analysi epiaces
th preveus Optimum Intarpolation (OI) seheme, which
was used in operations from faly 1999 (IFS cycle 21:2) to
Hovember 2010. In continuity with the previous s/ste it
\ros D-metre air temporatra and relative humidity
oll wosture.

WP soil moistura
ar\x\yus systeme, It provides indirect, but relevant irfora
tion 15 analyse sail Moisture.

I tha pastfew yars several v spaca-bome miciowave
sensors hzve been developed that measure soil meisture
They provide spatiall intsgraled information on aurfaca
il neichure 2t A scale releyan for NP model:

of the EKF sail maisture analyss i signficantly higher than
thet of the O 5o, a5 part of the EKF sail moisture
analysis mplementation, a new surface analsis sructure
i implementd in Septamber 2009 (cycle 3573) o move
the surface analyss out of the time citical path,
The main justfication: for implementing the 3
moisture analysis are as follos.
 In contrast tothe Of schems, which uses ixed calibrated
coefficents to describe the relationship betvieen an
Observation and madel sl moisture, the EKF 5ol moisture

ASCAT on MetOp was aunchedir 2006,

The EUMETSAT ASCAT surfece soil moisture product i
the first operational soi mai ture product. It s aaidcle
i nesrreal time on EUMETCAST and it has beenmon'-
tored cperaticnaly ot ECIVWF since September 2009,

+ ESAs SWOS (Soil Moisturs and Oczan Sainity) mission

sz sumchad in 2608, Dazad an L band paziva wiers.

Tests of tha EKF soil moistura analysis
Esperimental set up
npreraion o mpamenting oS ol o .
sis three analys o4 a
Tosolition et 3 oneyas paiod (Dacermber T
20 Novemoer 209,
‘01" experiment. Tha O il moisture analysis uses the
incraments of the screanevel parameters analysis 25
in

ECMWE Newslatter Mo, 127 - Spring 2011

put. 1t
configuratian that was used in opsrations at ECMWF
from]uly 1999 to Novernber 2010,
+ "EKF experiment.This uses the ynamical EKF sl meisture
analyss, i which the andlyss of screan-evel paameters
i5 s as provy informton or oil moiture.
* TEASCAT expiment. T was conucts o the
esod using the ERF In which the anayss
of sereen ol partars s uid tgether ih the
ASCAT 50l mofsture ot
Inth o ASCAT axpermant ASCATscll mistur 432l
matched to the ECWF IFS modl soll moisture Using a
Cumultive Distribution Function (COF) matching 25
described in Sapal et . (2008). Afist demonstation cithe.
impactcfusig anuelging schems hasakeady baen pefcrmedd
by Scpatetal. (2008). They shove, haveves, thatcompared
15 the0l 5stem, using scatoromater data sightly degradec
i forecast scores. They racormmended using ASCAT data
in an EKF anaysi to azcountfor absenvation erors and to
Combing ASCAT data wih stresrvlsvel proey inormation.

SMOS&
to providing information about soil moisture

* The futire NASA SMAP (Seil Woisture Active and Passve)
i, plred o b s 1 2015, il b2 & o1

Increnents result ihat quantity
accumtely the physical relationship betwian an
observation and soil maist .

* The EKFschieme i flxible o cope with the curentincrezse
in model complexity. In particular, changes n the FS and
in the landsurface modal H-TESSEL (Hydrology Tied
CMVIF Scheme for Surface Exchangss aver Land) are

‘2ccountad for In the analyss Increments computation

‘» The E<F soil moisture analsis makes it possible to use

etelitesand

d passivemicro
o prwdb (ot sl mairs and
freeze ihary state

ECMWF pays amaior rale in developing and investigating

the use of new satelits data for soil moisture analyss. For

xample, -ha EUMETSAT ASCAT soil mOistUre product fas
rad cpeatcndl & ECLIVE s Septnber
tness temperature product has baen

ontned s 00t s Novenoes 20

(
satallie data, and convantional cbserations).
. and

it mamstest ecmt it procucts orocasta/diehars!

of obeervations at their conct observatian timas
The implamentation and aval.ation of the EKF seiloisture
analyss s QsCriDad I This aricie. AN over Mew s givan of
a 5ol of cne-year analysis axpeiments conducted 1 assess

of SMOS dats monitoring at ECMWF is
desciibed in an accompanying papr by Munoz Satate st
. this edition of the ECLAF Newsietir (pages 23-27).
The ECMWE land-surface analysis system

WE Newsiei

i the EKFRASCAT experimen.

& The ‘OF and ‘EKF experiments only differ inthe method
0 or th Sl MGt sy, NN s
for the analysis are identical

o oo B i BeRab A experiments use the same
EKF scheme, but satelite data s used in addition to
cometions a7+ ant.

manth af spin-up is considerad for the first manth of

i sparimant 50 ks presnted hra focs o the

period [anuary to November

Comparing the ‘O and 'EKF' cxperiments
Figur 1 shows monthy accumulated soil moisture incre
mentsfor the first metre ofsoil for uly 2009 for the Oland
EKF experimants, and thair diffarenca . Spatial pattarn: of
‘ob mostre ncraent e utesimilror e O andEKE
s o b 0 O nd e U 0 2l e

i

2t incremante e found 1 Argenting, Alsks onl
Notth East of America. These results mainly shonw that the

—— T —
T W0 5 05 0 05 5 10

Figure 1 Monehly soil moisturs increments (mim) within the top
s0llmelrs roo 201 (in m) uring July 2008 prochced by (3) O
schome and (o) EXF schame. () Difsnce batwoen EKF and 01
schemes,

—a
-

et f ster per month

compted i3 Of schems

the perfurmance of the EXF. e to the
mplamanttnal 14 £ i Howamber 2010 ting e
lavel parameters to analyse <oil moisture. The impact of

HSCAF (evanced SCATromalr) aat it o
briefly prasentad to Investigare tha possibility to combine

Conventonal obsarvauons and satellle data 1o 1ha sol
oitre analysis

epth, screenlevel paramters (2metra temperatue and
rolliva hUmid ) s well & 50l MiSture and soltermperature,
It is parfornad independently fiom the 4D-Var atmospheric
s The Upper-ar analyis ind the land.suface analysis
num,

howsthe sl e o the gl moun s
t

iyslsmau(aw aavita o mesa ed qiobal monthlyrmean
VAl ofthe Ofandlysis ncraments s 5.5 rm, which mpresants

the modl-pracicted filds provide the ist guess and intial
corvitionsef the next land-surfacs and Uppar-ir analysi e,

tribution

ol b War Apr Ry i ol hug Sp Ot
o ek s i e b s
e f sl el e ek in o st o oo

Sonvryto o 003, profcsd b h O ar X sches.

Recent dvances on Soil moisture, Snow, and Vegetation components of the IFS modelling and data assimilation are summarized
in newsletter articles available at:

http://www.ecmwi.int/publications/newsletters/pdf/127.pdf

NASA-GSFC, 20/1/2012 - G. Balsamo
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http://www.ecmwf.int/publications/newsletters/pdf/127.pdf

